Synthesis and preparation of a square pyramidal Fe(III) complex with an N 2 S 2 -type ligand which can provide a strong σ donor sets of 4-. The strong ligand field makes the Lewis acidity of the metal center decrease. The Fe(III) complex showed a intermediate spin state and reduced to Fe(II) species at -0.77 V vs. NHE. The complex also easily reacted with NO molecule under Ar atmosphere to form a nitrosyl complex, which is confirmed with an appearance of N-O stretching mode at 1809 cm -1 . The reaction exhibited a clear spectral change: An absorption band at 525 nm shifted to 660 nm, which is responsible for a color change from reddish-orange to pale green. Furthermore, the same color change was also observed in a solid state.
INTRODUCTION
In human body, many small molecules were concerned with maintaining the life. In the past decades, nitric oxide (NO) has been well known as one of such molecules [1] . The NO molecule was produced from nitric oxide synthase (NOS). The NOS is classified into three groups [1] . First, endotherial-type NOS (eNOS) generates in the endotherial cell and connected weakly with membrane through the N-termunus myristroyl group. The released NO molecule plays as an endotherial-depdendent reluxing factor [1] . Therefore, once the eNOS action is diminished by high blood pressure, hyperlipemia, and so on, the arteriosclerosis is advanced. The eNOS generates constitutively and the activity is regulated by a Ca 2+ and CaM [1] . Second, neuronal-type NOS (nNOS) regulates an information transmission between nuronal cells. The trable in the nNOS is therefore suspected to cause a Alzhimer desease [1] . The eNOS also consecutively generates. The third NOS is an inducible NOS (iNOS), which is, on the other hands, generated by traeting a macrophage with cytokine or productive excretion of a bacteria. In this case, the produced NO molecule plays a role for a bioological defence. The enzyme did not show any Ca 2+ or CaM dependence, which is thought to be relation to a strong binding character for Ca 2+ . The NO molecule generally shows high reactive due to the monoradical character. Therefore, when the NO molecule changes to other compounds just like the formation of peroxynitrite that is much more active than NO radical or the consecutive type NOS is damaged in itself, development of several diseases are suspected. In fact, it is ascertained that arteriosclerosis, high blood pressure, and hepatic disorder are advanced by an insufficient activity of constitutive NOSs. An iNOS usually induces by an endotoxine. Sapraemia is one of endotoxine shock concerned with crucial diseases. The NO concentration of iNOS is over 10-fold one as the consecutive-type NOSs usually does, which causes a rapid decrease of the blood pressure. Thus, NO concentration is closely relation to severe diseases and therefore direct and exact measurement of the concentration has been desired.
Trial for the determination of the NO concentration has been performed by EPR [2] , fluorometric [3] [4] [5] [6] , and electrochemical methods [7, 8] . ESR detection was used a spin trap method. For example, hemoglobin is useful compound for spin trapping because nitrosyl-hemoglibin can be easily detected by ESR, which shows a characteristic hyperfine splitting of three line [2] . The ESR method is very sensitive but cannot be used for direct detection due to a great instrument. This is a serious problem because the life of NO radical is quite short.
Detection by using florescence has also been energetically tried. Nagano and co-workers constructed some o-phenylenediamine groups conjugated with fluorophore [5, 6] . They form benzotriazole derivatives by reacting the NO molecule and O 2 to disappear the fluorescence.
Electrochemical detection by a catalytic oxidation of NO has been reported since it is easy to handle and to cast to a small sized chip for in vivo detection. Electrode for a direct detection of NO has been constructed by covering over them with ion exchange membrane like Nafion to prevent from an interaction of any other biochemicals. [7, 8] .
Electrodes modified with functional materials as an oxidation catalyst have also constructed [7] [8] [9] [10] [11] [12] . In many cases, metalloporphyrin [9] [10] [11] or metallo-salene [12] complexes were used as the functional compounds. Using metal complex is advantageous beacause not only the oxidation current of the NO but also changes of the redox behavior of the metal center itself can be applied for NO detection. Here, we paid attention to construct a new type of metal complex as functional material for electrode modification. We desinged a ligand (L) which has two amide nitrogens and two thiolate sulfurs as illustrated in Scheme 1. The ligand provides four donating atoms with negative charge (4-donors). The coordination structure
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34 [3] 529-532 (2009) is quite similar to an equatorial feature in an active site of enzyme, nitrile hydratase, which can reversibly interact with NO molecule. [13] In this report, syntheses, spectroscopic and electrochemical characterization, and reactivity for NO are described for Fe(III) complex of L.
EXPERIMETAL SECTION 2.1 Regents and measurements
Reagents for ligand and metal complex were purchased from Wako Chemical Co. and Tokyo Kasei Industry without further purification. Solvents were obtained from Wako Chemical Co. in a reagent grade and were distilled before use.
All manipulations were performed under Ar or N 2 atmosphere using schlenk technique or grove box unless otherwise mentioned.
Electronic absorption and IR spectral measurements were performed using a Jasco V-570 or -530 and FT/IR-4200 instruments, respectively. X-band ESR spectral data of frozen solutions was recorded at 77 K by using a JEOL JES-RE 1X ESR spectrometer. Cyclic voltammetry measurement was performed using BAS ALS/CH Instruments Electrochemical Analyzer Model 600A. Glassy-carbon electrode, Ag/Ag + electrode, and Pt-wire electrode were used as working, reference, and counter ones, respectively. A sample (0.5 mM) was prepared by dissolving appropriate amounts of complex in CH 3 CN with (n-Bu) 4 NPF 6 (0.1 M) as electrolyte.
X-ray structural analysis
Crystals suitable for X-ray diffraction measurement were mounted on grass fibers. The diffraction data were collected with a Rigaku Mercury diffractometer using graphite-monochromated Mo-Kα radiation at -100°C with the oscillation technique. All structures were solved by a combination of direct methods and Fourier techniques. Non-hydrogen atoms were anisotropically refined by fullmatrix least-squares calculations. Hydrogen atoms were included but not refined. Refinements were continued until all shifts were smaller than one-third of the standard deviations of the parameters involved. Atomic scattering factors and anomalous dispersion terms were taken from the International Tables for X-ray Crystallography [14] . All calculations were carried out with a Japan SGI workstation computer using the teXsan crystallographic software package [15] .
Preparation of ligand (L)
Preparation of the ligand, L, was performed according to the literature reported previously [16] . Isolation of the ligand was confirmed by electronic absorption, IR, ESI-Mass, and 1 H-NMR spectral measurements.
Preparation of (PPh 4 ) 2 [FeLCl](1).
An Fe(III) complex with the ligand was also prepared as follows. The ligand, H 4 L, (109 mg; 0.393 mmol) was dissolved in a distilled DMF. Sodium hydride (65 mg; 2.70 mmol) was added to the solution to form a completely deprotonated species of the ligand. After 20 min., at which generation of H 2 gas completely ceased, the DMF solution was cooled down to -10°C. To this solution was added FeCl 3 
Reactivity for NO.
The Fe(III) complex 1 is very unstable due to air oxidation of coordinated sulfur and easy decomposition in water. An addition of large amount of NO into a solution of 1 at one time caused a cease of the color of the solution. In order to avoid the decomposition of the complex, introduction of NO was carefully handled: The NO gas was added to the solution from a tightly closed vial in terms of a gas tight syringe.
RESULTS AND DISCUSSION 3.1 Preparation

3.1-1 Ligand L
Prepared ligand L according to a reported procedure [16] was purified by a silica gel column chromatography with CHCl 3 /MeOH eluent. The 1 H-NMR was in good agreement with the result of the literature and follows: (δ / ppm from TMS in CDCl 3 ): δ1.63 (s, 12H, -CH 3 ); 2.29 (s, 2H, -SH), 3.29 (q, 4H, -CH 2 ); 7.35 (s, 2H, -NH).
3.1-2. Fe(III) complex
Synthesis of Fe(III) complex of L was performed at low temperature because the complex formation at ambient temperature easily forms an insoluble material that may be produced as a result of an electrochemical reaction between Fe(III) and thiolate of the ligand. Isolation of the complex was made as a single crystal of the tetraphenylphosphonium salt after recrystallizing from acetonitrile/diethylether mixed solution. The structural feature was described in the next section.
Crystal structure of 1
Recrystallization of the Fe(III) complex from acetonitrile/diethylether mixed solution afforded a single crystal which is suitable for an X-ray structural analysis [17] . The structure is shown in Fig. 1 . The crystal includes two Fe(III) complexes and four tetraphenylphsphonium as counter cation in a unit cell. There are not any inter-or intramolecular interaction between the complexes. The Fe(III) center showed a square pyramidal structure, to which two deprotonated amide nitrogens and two thiolates at the equatorial plane of L 4-and a chloride ion were provided as ligands. The coordinated sulfurs were not oxidized as well as 
Characterization of an Fe(III) complex with a symmetric N2S2-type coordination environment and the reactivity for NO
structurally similar complex with two amide nitrogens and thiolate sulfurs, [Fe(N 2 S 2 )Cl](Et 4 N) [18] and the corresponding square-planar Co(III) complex [16] . Unfortunately the crystal could not be well refined, so more detail discussion for the crystal structure cannot be done here.
Electronic absorption and ESR spectra of 1.
Electronic absorption spectrum of 1 was shown in Fig. 2 . Characteristic absorption band were at 525 nm (ε: 5450 M -1 cm -1 ) and 332 nm (ε: 18700 M -1 cm -1 ), at least, the former of which was assigned as a ligand-to-metal charge transfer (LMCT) band by comparing with those of five-coordinated Fe(III)-N 2 S 2 O [19] and -N 2 S 2 Cl [18] complexes. Here, an additional oxygen (O) in Fe(III)-N 2 S 2 O is from a sulfinate one (475 nm). The higher energy shift of the band may be caused by a solvent (CH 3 CN) dependence [16, 18] and/or a slight structural difference in coordination.
ESR spectral measurement of 1 was also carried out. The spectrum showed a rhombic signal pattern (g = 1.91, 3.18, and 4.67). The g values were typical for an intermediate spin state of Fe(III) complex, which is very similar to a related Fe(III) complex [18] .
Electrochemical behavior of 1
Cyclic voltammetry was performed to investigate electrochemical property of (PPh 4 ) 2 [FeLCl] (1). The redox potentals were listed in Table I . It showed a quasi-reversible redox wave corresponding to Fe(II)/(III).
The potential (-0.71 V vs. NHE) is much larger in negative than those of octahedral tris(hydroxamate) complexes [20, 21] whose ligands provided O 6 environment with 3-charges and a little smaller than that of Fe(III)-(enterobactin) complex having 6-charges [22] . The negatively charged amidato coordination is effectively stabilized the Fe(III) oxidation state [18] in the crystal structure. The slight difference in the donating character may influence on the difference in the reduction potential.
Reactivity of 1 with nitric oxide
Reactivity of 1 with NO was investigated by spectroscopic and electrochemical methods. The NO gas was gently introduced into the CH 3 CN solution of 1 under Ar atmosphere. A color change was observed before and after addition of NO. Unfortunately, ESI-mass spectrum did not exhibit a parent signal of an NO adduct but 1 without Cl (m / z = 330.0).
3.5:1 Changes on electronic absorption and IR spectra
Introduction of NO gas of 1 caused a change in the electronic absorption spectrum as shown in Fig. 2 . An absorption band at 525 nm was shifted to longer wavelength at 660 nm. The spectral difference is responsible for the color change from reddish orange to pale green. Removal of the solvent remained the greenish yellow color. IR spectrum of the solid residue was measured. A new band appeared at 1809 cm -1 which is assigned for a N-O stretching mode after reacting with NO as well as the case of the related NO-coordinated Fe-N 2 S 2 Cl complex (1780 cm -1 ) [18] . The frequency is smaller in energy than that of the free NO (1840 cm -1 ) [23] , indicating that σ donation is predominant for the 
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3.5:2 Reaction with NO in solid state of 1.
The NO gas was also introduced to a filter paper, on which the complex 1 is physically adsorbed, in a tightly closed and degassed vial at room temperature. The color of the paper changed from orange to pale green, which is the same behavior to the solution one as described before.
CONCLUSION
An Fe(III) complex with an N 2 S 2 coordination environment used in this study showed a square pyramidal structure, whose absorption spectrum exhibited a LMCT band at 525 nm. Introduction of NO gas into the solution makes the spectrum drastically change: The LMCT band decreased and a new band appeared at 660 nm. This indicates that the NO molecule interacted to the metal center. The color change is useful for NO detection. The NO coordination is expected to affect on the electrochemical property but it is now in progress.
